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Background:  The early book that recorded state 

of the moon is “Nuncius Sidereus” written by Galileo 
Galilei and published in 1601. He found that there 
were geography shaped circular niche, and named such 
geography “κρατήρας” meant that glass or plate in 
Greek. Also, he found that any dark part shaped object 
was approximately-circular except for crater, and 
called this dark and light white part lunar mare and 
land [1]. Since this time, human have watched lunar 
mare and land by contrasting on the planetary surface 
through a telescope.  

And now, developing image processing technology, 
we can extract the boundary of crater, mare, and land 
from algorithms which distinguish by contrasting seen 
at image [2]. The researchers think that monochrome 
contrasting looked by human eye is useful for distin-
guishing the boundary, and continue to research. How-
ever, this method has no estimation whether the 
boundary is correct or not, that is in a visual way. With 
that, we provide the new way that defines the domain 
of crater under data, which does not depend on human 
sense. 

Introduction:  In this paper, we provide possibility 
that we can recognize the boundary of crater by image 
processing technology avoiding human error which is 
caused by depending on human sense, by using lunar 
height data. It is different with existing way to extract 
the boundary of crater, that’s new way. Therefore, this 
way which defines the boundary of crater depending 
on only data can become a norm for which a new 
boundary definition way we will think in the future. 
And, another boundary definition is made as sugges-
tions under our boundary definition research. 

 Additionally, humans will make a landing on the 
moon. After that, places of residence are established 
around the craters. On this occasion, longitude and 
latitude are devised to be available as a means of iden-
tification for the location. The coordinate of the crater 
center also represented as latitude and longitude values. 
For example, the center coordinate of Tycho Crater can 
be expressed as /-43.3°S, -11.22°E/. Through, when 
we are staing on the moon, the center of Tycho Crater, 
it is difficult to understand where to go. Hence, num-
bering address is needed on the moon. Therefore, it is 
important to define accurate boundary. 

 The basis of boundary on earth is the natural 
boundary defined by natural object. Such as mountain 

chain, waterway, lake and ocean. Other kind of bound-
ary are generally artificial or politically defined. For 
example, there are border between prefectures and 
countries. The numbering address is defined for identi-
fying accurate location after defined the border be-
tween prefecture and country. As the toehold, the 
boundary definition is a way for depending on only 
data is that is important research to live on the moon. 

Available Data: At the stage of detecting the cen-
ter point coordinate for the crater in program, the data 
which is published at Gazetteer of Planetary Nomen-
clature [3] is used. Planetary nomenclature is published 
for user to uniquely identify a feature on the surface 
planet or satellite so that the feature can be easily lo-
cated, described, and discussed. This gazetteer contains 
detailed information about all names of topographic 
and albedo features on planets and satellites. 

 At the second stage of calculating the top of height 
on the surface planet, The valuable lunar data which is 
published on SELENE Data Archive [4]. This valuable 
lunar data collected by SELENE (KAGUYA) have 
been opened to the publish for scientific and educa-
tional utilization. The height data among these valua-
ble lunar data is used for checking top of height for 
surface on the moon.  

Algorithm for definition of the area on the moon 
crater: The algorithm to define the area of the moon 
crater is derive with discussion between researchers 
and lunar scientists. The area definition way is intro-
duced in order (See Fig 1).  
1 Find the central coordinate and diameter of the 

crater, which is denoted from Gazetter of Plane-
tary Nomenclaure as mensioned above,  

2 Find a radius from a diameter and draw a circle 
from the radius which makes a diameter half 
simply,  

3 Detect a coordinate in the circumreference of the 
drawn circle, and the coordinate inside the con-
centric circle having a diameter about 1km,  

4 Aquire the height data corresponding the detected 
coordinate from data repository, PostGIS, which 
is checked reference from SELENE (KAGUYA) 
Data Archive. 

5 Set the highest coordinate in that at the circum-
ference point of the moon crater 

6 Repeat procedure 3 and 4, and make a 360-degree 
turn. Finally, the circumference of the moon cra-
ter in detail 
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7 Draw the redefined domain on a map by using 
OpenLayers [5] as a map interface, and PostGIS 
as Database 

The number 1 ~ 7 are procedure for algorithm for 
definition of the domain on the moon crater. Details 
explanation of  constraint are included in the figure. 

Virtual Model-View-Controller (VMVC) Archi-
tecture: We use a SOA distributed platform based on 
the Virtual-MVC design pattern [5], in which the pro-
cessing logic is designed as reusable services, and the 
view is decoupled from the processing logic, therefore 
the GUI development task can be outsourced. The Vir-
tual-MVC platform has a provision to handle applica-
tions that require intensive computation at the model 
end, but there is not a clear strategy to handle big size 
data as per in data-intensive applications. Our future 
objective of this study is to analyze the implementation 
strategies of related SOA and Web service (WS) based 
data-intensive applications that require special visual 
interface and transfer large data sets. As well to identi-
fy the technologies involved, and set a baseline to pro-
pose a suitable strategy for applications designed under 
Virtual-MVC. 

Current Status: Our system is developed under 
the algorithm and structure derived from our discus-
sion between researchers and lunar scientists. The ob-
servation data is acquired from SELENE data archive, 
and the circumference circle coordinate of the moon 
crater is calculated. The phse of implementation for 
program is finished through few in number. However, 
it takes much time to show the result of the calculation 
for the circle coordinate in the circumference because 
SELENE data ar enormous. The processing speed for 
handling data will be improved if the operation envi-
ronment and algorithm on the system are revised fo-
cussing on processing data. 

Conclusion: We were able to define the area of the 
crater using the data and elevation data which JAXA 
showed. The next step is calculation of area and the 
space volume of the crater from this stage. A great 
variety of methods are thought about to calculate an 
area and the volume. For example, it is a method to 
calculate an area from a triangular combination. How-
ever, we must make the program that can handle quan-
tity of enormous data before thinking about area calcu-
lation.We defined the domain only for craters in this 
research. Even other topography (including Mare, La-
cus, and Mons) wants to allow you to define the do-
main in future. We deal with data-intensive and com-
plex visualization applications for Geographical In-
formation Systems (GIS) such as lunar exploration and 
Tsunami simulation also, as well for complex mathe-
matical visual algorithm execution. 

 What all have in common is that they handle data-
intensive applications, and they require a specialized 
visual interface at the user end. The components of 
these applications are already developed but mostly as 
stand-alone. In the future, we aim to redesign these 
components to expose them as services facilitating the 
integration with other related applications, and there-
fore speed up the development process.  

The next step is displaying the crater image derived 
from calculated coordinate on the Web by adaptation 
of OpenLayers. In order to evaluate accuracy of re-
finement for crater area on the moon, this image is 
compared with existent image of the moon crate on the 
height map. Digital data refinement for the area of all 
craters except for Tycho crater will also be realized in 
the future. 
 
 

 
Figure 1. Algorithm for definition of the area on the moon crater 
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